Bronchiolitis obliterans (BO) is a manifestation of chronic graft-versus-host disease (GVHD) after allogeneic haemopoietic stem cell transplantation. Complications associated with this include persistent air-leak syndromes such as pneumothorax. Many methods have been described for treating this condition, both surgical and nonsurgical. We describe an 8-year-old boy with acute lymphoblastic leukaemia complicated by chronic GVHD-related BO, and subsequent pneumothorax with persistent air leak, who was treated successfully with autologous blood pleurodesis.
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Case report
An 8-year-old boy, diagnosed with acute lymphoblastic leukaemia, initially treated with chemotherapy, underwent a HLA-identical sibling peripheral blood stem cell transplant following an offtreatment relapse. He subsequently developed chronic graft-versus-host disease (GVHD) affecting the skin, and presented with a 2-month history of worsening shortness of breath on exertion and a persistent cough. High-resolution CT scan ( Figure 1 ) was suggestive of interstitial lung disease with patchy areas of increased attenuation consistent with mosaic perfusion, a characteristic finding in bronchiolitis obliterans (BO). There was however, no evidence of air trapping on comparative inspiratory and expiratory films. There was little or no evidence of volume expansion within the lung fields on the inspiratory film (Figure 2 ), indicative of severe underlying respiratory disease. Lung function tests confirmed an obstructive and restrictive picture consistent with BO. There was marked deterioration in pretransplant and post transplant spirometry (Table 1 ). In patients with severe small airways disease, a diagnosis of BO is difficult to make by CT scan alone and histological confirmation may be necessary. Open-lung biopsy is a safe and accurate method for obtaining lung tissue for the diagnosis of complicated lung disease.
A right open-lung biopsy was performed with no intraoperative complication. A chest drain was inserted at the time of surgery. There was no evidence of pneumothorax post operatively and, at 48 h, the drain was removed. Histological study of the tissue sample showed moderately severe BO with pulmonary arteriolar damage ( Figure 3 ). He made an uneventful recovery, and was discharged home the following day with no evidence of respiratory distress. He was readmitted 16 days after the biopsy, with worsening symptoms and right-sided chest pain. There was clinical and radiological evidence of a large right-sided pneumothorax ( Figure 4) . A 12 French Seldinger chest drain (Portex) was inserted under a local anaesthetic and connected to low-pressure wall suction (5 kPa). After 9 days of persistent air leak, a pleurodesis was attempted using 100 ml of autologous blood instilled via the chest drain, which produced some discomfort. At 4 days after remaining stable and symptom free, the chest drain was removed and he was discharged the following day.
Recurrence of symptoms 2 days later required a further admission, and treatment was with an intercostal drain. A persistent air leak was noted. Therefore, a further 80 ml of autologous blood with local anaesthetic was instilled via the drain without discomfort. After 3 days, the drain was removed. He remained stable and was discharged soon after. He remains free of any air-leak problems 14 months later.
Discussion
BO is a recognised manifestation of chronic GVHD following allogeneic HSCT. 1 The clinical and radiological spectrum is wide and variable, although histological features are consistent.
2 Documented complications of BO include air-leak syndromes such as pneumo-mediastinum, subcutaneous emphysema and pneumothorax. 1 It has been postulated that BO causes formation of multiple bullae, thus leading to recurrent pneumothoraces. 3 In this case, a histological diagnosis of BO was made following open-lung biopsy, noted to be a reliable and accurate technique for diagnosing diffuse lung disease, 4 but the procedure itself is also associated with post operative persistent air leak (8% incidence). While we cannot say with certainty that this surgical procedure was not the cause of the pneumothorax, we thought this unlikely as no air leak was noted 48 h after the biopsy and the drain was removed. He remained well for a further 14 days before requiring admission for significant respiratory symptoms.
Whatever the cause of persistent air leak, much debate is voiced with regard to the most appropriate solution. Figure 2 Comparison of lung fields. This photomicrograph depicts an arteriole (on the right) with its accompanying bronchiole. The bronchiolar wall has been destroyed and the lumen is obliterated and filled with collagen, fibroblasts and chronic inflammatory cells Figure 3 Histological appearance of BO. Figure 4 Chest X-ray findings of right-sided pneumothorax
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Pneumothorax-blood-pleurodesis graft-versus-host child C Chadwick et al thoracoscopic procedures for pleurectomy, chemical pleurodesis or surgical abrasion. 5, 6 Many agents have been described for use in chemical pleurodesis, with the ultimate aim of promoting adhesion formation. These include tetracycline, iodised talcum powder, silver nitrate, biological glues and blood. 5, 6, 7 Autologous blood pleurodesis promotes fibrinous pleuritis, leading to pleurodesis as observed following traumatic haemothorax. We decided to use autologous blood for several reasons. Firstly, due to the severity of his underlying lung disease, surgical options requiring general anaesthetics were deemed to be high risk. Bleomycin was not considered, due to a nonmalignant cause of the air leak. Other well-described agents used for pleurodesis, such as talc and doxycycline, have serious documented risks such as acute respiratory distress syndrome 8 and tissue toxicity. 9 Successful treatment of persistent air leak with autologous blood patch pleurodesis has been previously described in adults. 5, 6, 7 However, we could find no references of a child with persistent pneumothorax complicating BO being treated by this method. In previous studies, varying volumes of autologous blood were instilled via a thoracostomy tube, ranging from 50 to 250 ml, given on one to three occasions. 10 It has been recommended that autologous blood should be given as few times as possible to obtain the required result, but if a satisfactory seal is not obtained within 48 h then a further dose should be administered. 10 In our case, volumes of 100 and 80 ml were used with no problems. It would appear to be a simple, effective and inexpensive method of treating a potentially frustrating and recurrent complication of BO without serious side effects, and thus avoiding further surgical and anaesthetic intervention. It has been described as a painless procedure; 6, 7 however, in this case, the procedure was not well tolerated on the first instillation and some discomfort was experienced for several hours afterwards. Local anaesthetic was given via the thoracostomy tube on the second occasion with good effect. We therefore recommend that autologous blood pleurodesis used with local anaesthetics is an effective pain-free method of treatment for persistent pneumothorax complicating BO in a child.
